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Project Objectives and Description: The influence of liquid motion on the containment of
liquids by surface tension is studied. Modification of the capillary instability by shear-
related forces is important to a wide variety of processing applications (materials
and/or chemical) and is especially important in a low-gravity environment. We ask
two contrasting questions: can motion enhance the stability of a configuration
(containment) and what motions are generated when a configuration is unstable
(collapse)? The answer to the first question is “yes” and we explore the extent to which
stabilization can occur. The second question is important, for example, to droplet
generation during break-up or collapse. Both questions are addressed by a combination
of theory and experiment closely tied to one another.

Results: We have

(i) discovered and mapped out, in a variety of contexts, the windows in parameter
space where hydrodynamic shear forces can stabilize capillary break-up in long
cylindrical interfaces according to linear stability theory: rod flow (isothermal and
thermocapillary-driven), tube flow, and core-annular rod flow. In particular, the
physical mechanism of stabilization has been identified.

(ii) designed, built, and tested an apparatus capable of shear-stabilization in a
parameter range where theory suggests stabilization may occur. Experiments show
reasonable agreement with theory. In the course of the experimental investigation, a
pressure drop method of fine-tuning the neutral buoyancy approach to low gravity
simulation (Plateau chamber) has been discovered.

(iii) developed a simple analog experimental system, the soap-film bridge, by
means of which many of the fundamental influences of motion on stability may be
studied. The soap-film bridge has illustrated details of the collapse phenomenon never
before documented.

These results are reported in detail in the publications listed below.
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